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and 

David  Rirnhauro 
Naval  Air  Development  Center 
Warminster,  Pennsylvania 


ABSTRACT 

OMEGA  is  a  very  low  frequency  radio  navination  system  suitable  for  use  by  ships,  aircraft  and  submarines.  A  net¬ 
work  of  four  stations  was  established  under  the  Navy's  direction  toward  a  final  con fl miration  of  an  etnht  station  world 
wide  long  range  radio  navigation  system.  As  part  of  the  Navy's  development  program  for  an  airborne  OMEGA  navigation 
set,  a  receiver-converter  was  develoned  specifically  to  interface  with  the  central  computer  in  the  P-3C  aircraft,  and 
provide  a  position  update  for  geographic  navination.  This  paper  will  describe  the  P-3C  OMEGA  navigation  integration 
and  maintainability  program  for  a  production  aircraft  system,  a  flight  test  program,  a  laboratory  replay  program  to 
give  the  capability  of  testing  the  various  rate  aiding  sources,  a  laboratory  silumation  pronram  to  exercise  the  soft¬ 
ware  mechanization  over  the  parametric  range  of  the  variables,  and  present  preliminary  results  from  the  flinht  test 
and  tlic  laboratory  simulation. 


BACKGROUND 


ft 

•lavy's  dcvolopmo 


Carly  in  the  .lavy's  development  program  for  an  airliorne  world-wide  position  fixlnn  svsten  it  became  apparent  that 
CHEGA  could  satisfy  this  rcguirerient  for  the  P-3  aircraft.  The  P-.l  aircraft  is  a  lan.l-  ased  anti-submarine  w  ofan* 
(ASIl)  weapon  system  capable  of  a  fifteen  hour  patrol  mission  and  world-wide  deployment. 

During  the  mid  sixties  the  Naval  Research  Laboratory  (NIX)  was  in  a  research  and  development  phase  to  demonstrate 
the  capability  of  an  airborne  OMEGA  navigation  system  and  was  resolving  airborne  integration  problems  with  the  'IARK  I, 
II  and  MI  systems  (references  1  and  2).  Concurrently  the  Naval  Air  Development  Center  (.lAVAlRDtVCED)  was  In  the 
midst  of  the  A-NEW  development  program  for  a  new  generation  of  P-3  aircraft  (P-3C).  This  pronram  was  initiated  to  pro¬ 
vide  a  l.'avy  developed  avionics  system  prior  to  airframe  development.  The  A-flHI  development  cycle  Includes  postulation 
of  a  system  through  study,  refinement  of  the  system  through  simulation,  procurement  of  eminocrinn  prototype 
components,  integration  of  the  system  through  dynamic  r lockup,  verification  and  evaluation  of  the  system  through  flight 
tests,  and  development  of  cguipment  and  software  specifications. 

An  Ail/ARN-88  (Xfl-1)  airborne  OMEGA  navigation  system  was  procured  by  the  NAVAlnitVCCN  in  conjunction  with  tlic  then 
Gurcau  of  Ships-  from  ITT  Federal  Laboratories  for  evaluation  as  a  position  fixinn  svstem  for  the  P-3C  aircraft.  The 
AU/ARN-8G  was  the  first  militarized  airborne  receiver.  ITT  Federal  Laboratories  built  the  interface  to  provide  phase 
inputs  to  the  central  computer  and  rate  aiding  data  to  the  AN/ARN-r.q.  The  IIAVAIRDIVCEM  developed  a  software  pronram  to 
process  the  phase  data  and  provide  a  geographic  position  update.  In  1RG7,  prior  to  anv  flight  testing  of  the  system,  a 
decision  was  made  to  terminate  all  AU/ERII-NR  OMEGA  development  work  on  the  A-'ll.'l  P|-p"r.vi  because  nf  schcdulinn  diffi¬ 
culties  and  the  uncertainty  of  the  equipment  reliability  and  mainlainahilily.  A  manual  LORA! I  A/C  set  was  added  to  the 
P-3C  e-eduction  system  as  an  interim  fixing  aid  until  airborne  OMEGA  became  available. 

INTRODUCTION 

The  heart  of  the  P-3C  avionics  system  is  the  data  processing  system.  The  data  processing  system  consists  of  the 
CP-GOl/ASO-l M  central  computer,  three  loqic  units,  two  magnetic  tape  units,  synchro  conversion  unit,  manual  entry 
subsystem  (keysets),  and  general  purpose  display  suhsysteri.  The  central  comnitcr  has  65,536  words  of  core  memory  and 
sixteen  innut/output  channels.  The  ' P-3C  Undate  Program"  which  expands  the  data  processing  system  was  brought  about 
by  the  continuing  increase  in  programming  requirements  and  the  desirability  of  non-essential  core  blocks  to  provide 
flexibility  and  backup.  The  expansion  includes  the  addition  of  a  262, 144  word  drum  memory  and  a  fourth  Ionic  unit  to 
provide  central  computer/drum  interface  and  additional  computer  input/output  channel  capability. 

The  P-3C  aircraft  navigation  system  provides  nconrapliic  navigation,  AS'I  tactical  navigation,  steering,  airways  and 
tenninal  area  guidance  as  well  as  display  the  navination  parameters.  The  system  sensors  are  two  inertial  navination 
sets  (one  set  being  utilized  as  a  "hot  backun"),  a  donpler  radar  set  and  a  true  airspeed  computer.  The  inertial 
set  provides  north-south  and  cast-west  velocity  and  true  heading  to  the  central  conntiter,  which  is  thr  primary  source 
for  geographic  navigation.  The  dopplcr  radar  set  and  true  airsneed  computer  rrpvidc  backup  for  goonranhlc  navination. 
Tactical  navigation  is  mechanized  with  inertial  true  headinn  and  doonler  velocity.  Inertial  velocity  may  be  used  in 
the  event  of  donolcr  failure,  dead  reckoning  is  performed  in  the  central  computer  for  nongraphic  and  tactical 
navigation.  The  essential  difference  in  the  two  modes,  neonraphic  and  tactical,  is  the  method  of  compensating  system 
error. 

•ho  .VI/.1RII-39  (V)  1  OMEGA  Navigation  Set  in  the  P-.1E  llndatc  Program  will  provide  a  pnriolic  rnslEion  fix  to  comer  ri¬ 
se  lc  for  errors  in  nongraphic  navigation.  Thr  basic  swsl.cn  intenralinn  pbllosonliv  is  to  reduce  the  North  non 
Electronics  Division  developed  receiver-computer,  control  Indicator  and  antcnna/coupler  system  to  a  rcerivor-converirr 
and  antenna/eonnler  system  by  using  the  P-3C  central  computer  with  the  display  anil  control  functions. 

P-.lf  DHLGA  UAV1  P,A1  ION  INTEGRA MON 

The  i MEGA  navlnatlnn  system  was  iiilpuratcd  into  the  geographic  navigation  system  of  the  P-.1C  aircraft  as  a 
periot'ic  position  update  to  limit  position  error  nrowth  as  a  function  nf  time  and  distance  traveled  (ftnifre  I). 

Tlic  requirement  for  minimal  changes  to  the  existing  neoeranhlc  navigation  software  program  and  central  com’Miter  load¬ 
ing  restrictions  dictated  this  Integration  approach.  ^ 

The  •MEGA  function  interfaces  directly  with  the  navination  sensors  in  the  central  computer.  The  status  of  navina¬ 
tion  sensors  is  readily  available  to  the  AMIT-A  function  and  enables  auto'atlc  re. selection  nf  velocity  and  heading 
source  in  the  event  of  sensor  failure.  Con-tonality  in  display  and  control  functions  with  the  f’-.’C  system  is 
accomplished  by  utilizing  the  HAV/Cflilt  Operator's  disnlay  and  keyset.  Thr  P-1C  Update  GMEGA  software  program  is 
initialized  automatical !y  using  the  date,  ting  and  present  position  entered  during  normal  prrflinht  operations.  A 
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FIGURE  1  • 

P-1C  UPDATE  OMEGA  BLOCK  DIAGRAM 

dead  reckoned  position  estimate  Is  continuously  available  to  the  operator  after  stability  has  been  reached.  OMEGA 
position  Is  represented  by  a  direction  cosine  matrix  which  Is  updated  with  the  selected  velocity  source  and  corrected 
with  Kalman  filler  estimates  of  system  error.  A  cornnon  operator  function  updates  the  gconraphle  navlnatlon  system  with 
position  estimates  from  OHCGA,  1 AC AN ,  Search  Radar,  etc. 

1  The  i-ialn  emphasis  In  the  design  of  the  P-3C  Update  OMEGA  Softv/are  Program  was  minimal  execution  time,  even  at  the 
expense  of  j  larger  program  size.  The  reguirement  for  a  periodic  position  update,  such  that  the  program  remain 
activated  for  a  short  period  of  time  and  then  deactivated,  led  to  a  partially  active  node  with  the  Intent  of  reducing 
the  execution  load  and  decreasing  the  lag  from  Initial  activation  to  a  valid  ttll'GA  position  fix.  The  partially  active 
mode  Is  mechanized  by  deactivating  the  propagation  prediction  routine  and  the  measurement  processing  of  the  Kalman 
filter,  which  reduces  the  execution  load.  When  In  this  mode  the  Kalman  estimate  of  system  errors  grows  and  the 
variance  of  the  error  estimate  deteriorates,  but  the  data  previously  processed  is  not  destroyed. 

Ouring  a  typical  ASW  mission,  the  operational  use  of  OMEGA  will  commence  when  the  IHv/COMM  Operator  Initiates  the 
navigation  preflight  functions.  OMEGA  will  remain  active  from  take-off  to  arrival  of  the  aircraft  In  the  operational 
area.  Upon  arrival  “on  station"  the  aircraft  will  begin  an  AS'.I  mission.  During  the  aircraft  transit  to  the  operation¬ 
al  area,  the  geographic  navigation  position  will  be  updated  periodically  by  the  IIAV/COMM  Operator  who  has  the  option  to 
accept  or  reject  the  UMfGA  position  fixes.  The  IIAV/COfll  Operator  will  also  compare  the  OMLGA  position  with  the 
functionally  Independent  Inertial  systems  to  evaluate  the  drift  rate  of  each  Inertial  system  and  select  the  best 
primary  DP.  source.  These  man-machine  relationships  allow  the  IIAV/COMM  Operator  to  remain  responsible  for  the  quality 
of  the  aircraft  navigation.  The  partially  active  mode  of  the  OMEGA  software  program  will  be  used  when  the  ASW  soft¬ 
ware  modules  place  a  high  execution  load  on  the  central  computer.  At  this  time,  only  periodic  activation  of  the  full 
nnfGA  function  will  be  implemented  to  obtain  a  one  time  position  fix.  This  operator  selectable  process  will  continue 
for  tin;  duration  of  the  ”nn  station"  tine.  When  the  All/  operation  Is  terminated,  the  aircraft  will  transit  back  to 
base  with  the  OMEGA  function  active. 

uEscuiriion  or  the  an/ahn-'J9(v)i  hahowaue 

The  antonna/couplcr  consists  of  a  pair  of  orthogonal  loops,  with  an  active  preamplifier  for  each  loop,  enclosed 
In  an  electrostatic  shield.  The  antenna  Is  deslqned  for  vertically  polarized  electrornnnetic  signal  In  the  10  to 
M  KHz  frequency  range.  ' 

The  receiver-convertor,  0R-90/ARH-99(V) ,  consisting  of  seven  modular  assemblies  and  an  Interconnection  box 
(figure  2),  provides  antenna  lobe  selection,  generates  precision  frequencies  for  the  local  oscillator,  generates 
calibration  functions  and  processes  three  separate  frequencies  for  conversion  of  phase  data  Into  a  digital  format  for 
the  central  computer. 

The  central  computer  controls  the  antenna  configuration  through  the  antenna  switching  matrix  by  sumlnn  and 
phase  shifting  of  the  incoming  signals  on  each  frequency,  and  also  provides  control  for  test  signal  Injection. 

Each  of  the  three  receiver  modules  Is  a  superheterodyne  receiver  with  RF.and  If  sections  to  process  the  orthogon¬ 
al  loop  antenna  Inputs,  Hie  receiver  nodule  provides  gain,  narrowband  filtering  for  rejection  of  interfering 
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carriers.  and  dynamic  linitino  by  the  use  of  active  .filter  techniques.  The  active  filter  technique  provides  phase 
stability  for  a  wide  dynamic  rannn.  T  lie  phase  shift  of  each  receiver  over  A  M)  dli  ranee  is  less  than  <0.5  emit  cycle 
■  and  over  a  100  db  ranee  is  less  than  *1.0  cent tcycle.  I.nch  !!t  amnlifler  is  timed  In  the  .V'eroerlale  frequency  Ip 
provide  bandpass  filterim  ami  iinitinn  caeahililv  to  re.irct  an  inane  with  never  levels  n~  le  If,  <lb.  lhr  Anrlltlrr 
heterod-'rcs  to  an  intermediate  frequency  cot  non  to  each  receiver  strip.  Each  IT  a-el  1  f ier  filter  has  an  overall  oaln 
of  !'■<)  i!b  at  ?')')  ll?  and  a  77  db  »ain  al  hand  center. 

The  correlator  and  dieita-1  converter  circuitry  provide  the  initial  phase  reasurei'ent  hv  fnniinn  a  real-tine 
product  of  the  IF  amplifier  with  the  reference  sinnal  and  the  reference  sinnal  shifted  hv  pn  deirecs.  Tine  averaqe 
products  are  sinusoidal  functions,  sine  and  cosine,  of  the  phase  difference  of  the  two  signals .  The  correlator  output 
Is  converted  to  a  pulse  hv  an  In  terra  tor  and  mil  sc  Tnpratnr  which  is  Maintained  at  7"ro  output  peons  of  feedback 
to  the  interratpr.  The  pulse  "rnrratcr  dieital  sinnal  is  then  fed  to  the  phase  counter  in  the  renistcr,  nrssanc, 
computer  module.  The  renistcr,  riessaqe,  conputcr  nodule  sums  the  dieital  sine  and  cosine  inniits  for  each  frequency 
and  formats  the  data  as  three  .10  hit  parallel  transfer  ivirds. 

The  reouired  reference  and  test  slrnals  necessarv  to  neasure  the  phase  are  rrovl  I  hv  the  nrerislon  frequency 
oenerator  circuitry  which  consists  of  a  n.f.OM  'Hz  crystal  oscillator  and  di-ital  Modulus  counters  used  le  divide  down 
the  crustal  frequenev.  frequencies  uenr  rater*  are:  10. ?,  11.3.T  and  IT. I.  kHz  ;:r  test  simials.  Id.?,  11.1.1  and  14.73 
kHz  local  oscillator  sienals ,,! .  1 3  l.llz  IT  sinnal  and  170.3  khz  tlninn  sinnal.  The  crystal  osctllater  provides 
Stability  of  five  narts  in  ifl"  rer  week  and  four  parts  in  10'  lonn  ter'  within  five  minutes  of  Power  annlication. 

Cer?  uni ca ticn  from  the  central  co  “'iter  to  the  receiver-converter  is  prevl *ed  |v  th-'  converter,  digital  to  di"ital 
module.  This  module  enables  external  function  eonranrts  from  the  central  ccmitcr  for  interna  switchlm  and  receiver- 
convortsr  'rnup  testinq.  The  external  function  comaml  format  is  two,  12  hit,  inderendent  coimands  rer  33  bit 
parallel  transfer. 

lno  pn  «:r  snppnlv  regulates  Ihe  dc  vollaues  lor  the  i ecelver-converler  and  Hie  antrima/couplor  I riv I  the  115'/  rris 
\  1*2  stnqlc  phase  aircraft  power.  The  intcrcenncction  linx  provides  circuit  connections  lietween  Modules,  recel-ver- 

•converter  to  aircraft  cahlino  and  the  rTchanic.il  interface  for  the  pluo-in  nodules. 

UCrrCriPTlOf  :)F  Tilt  P-3C  IIPQATf.  nwiOA  yiTT  t'fiC  % 

The  P-3C  Update  d-lfCA  software  (fieure  1)  Is  an  nutnrowth  pf  thr  .Vl/WJ-nn  rccciver-cc'-uter  software  Pronran 
developed  hv  uorthrop  electronics  division.  Ihe  drsion  philosophy  his  h»pn  tn  sitrlify  the  bird- '.ire  to  rodiice  systen 
co’iplcxltv,  production  cost,  and  Maintain  performance  hv  providfnn  softnarr  cm  pi.nsi lion  and  calihraiion.  Tip s 
approach  conplicatcs  the  software  nrooram  hut  al  the  sane  tine  allows  for  cmwnalitv  in  the  navleatlon  system  control 
with  hotter  systems  inteqratton  and  versatility! 

The  '.itti.GA  prooran  Is  initialized  with  a  dead  reckoned  position  an-l  correct-,  with  Lain, in  processed  r  *tr,.\  phase 
data.  Aircraft  position  Is  calculated  uslnn  an  rlio-rho  or  circular  solution  as  opposed  to  the  normal  hvrerhollc 
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solution.  After  activation  the  central  connuter  performs  the  self  test  routine.  Tills  routine  is  desinned  to  perform  a 
functional  OO/ilO-f.O  test  of  the  receiver-converter  hardware  and  central  conpoter  interface.  The  details  of  this  test 
routine  Mill  lie  discussed  later. 

Synchronization  with  the  '.HICGA  station  transmission  pattern  is  then  established.  Synchronization  Is  determined 
by  process! no  the  input  data  over  a  ten  second  period  with  10(T  different  start  tires  for  the  transmission  pattern. 

The  dt fferential  correlation  values  for  the  s*art  times  are  compared  anainst  a  confidence  criteria  to  establish 
synchronization. 

The  phase  data  is  processed  to  form  a  phase  measurement  from  individual  stations.  The  burst  fitter  phase  measure¬ 
ment,  referenced  to  the  receiver  oscillator,  is  in  error  due  to  fluctuations  of  receiver  phase  shift,  scale  factor  and 
bias.  These  errors  are  calculated  and  compensated  for  by  utilizinn  hardware  reference  simials  durine  alternate 
non- transmission  times  (slots).  For  the  statistical  filters  which  follow  (TracMim  and  Kalman),  it  is  necessary  to 
obtain  a  confidence  value  (phase  variance)  for  each  phase  measurement.  Ihe  phase  variance  is  computed  bv  comnarlnn 
the  burst  sipnal  with  the  noise  level  durinn  alternate  slots. 

The  trackino  filters  receive  the  burst  phase  Measurement  and  phase  variance  for  each  freouenev  at  the  end  of  each 
transmission  period.  There  are  twentv-four  distinct  trackine  filters,  one  for  each  of  the  three  frcpucncies  on  each 
of  the  ei'ihl  l  MX  A  stations.  In  addition  to  the  hurst  filter  Inputs  of  phase  and  phase  variance,  there  Is  velocity 
and  .leadin']  to  provide  an  estimate  of  phase  rate  relative  to  the  stations  due  to  aircraft  notion.  The  velocity  source 
is  operator  selectable  and  car.  be  inertial,  viopnler,  true  airspeed  or  no  rate  ,li;line.  The  estimates  of  phase  and 
phase  rate  are  used  to  update  the  individual  trackin'!  filters.  The  trackin'!  filter  also  estimates  the  phase  rale 
error  to  correct  the  computed  nliase  rate  derive  i  from  the  rate  aidin'!  source.  In  addition  to  co  mat  inn  estimated 
phase  and  phase  rate  error,  each  tracking  filter  computes  the  variance  of  the  estimated  n.iase ,  the  variance  of  the 
estimated  phase  rate  error,  and  the  co-variance  of  estimated  phase  and  phase  rate  error.  These  measurements ,  errors 
and  variances  are  then  combined  with  the  phase  and  phase  variance  measurements  of  the  hurst  filter  to  statistically 
determine  a  sfnole  phase  estimate  and  confidence  value  for  the  trackine  filter  ever"  ten  seconds.  This  confidence 
value  is  compared  with  a  constant  to  determine  if  the  sin"lc  phase  estimate  is  acceptable  for  the  Kalman  filter.  If 
the  acceptance  criteria  arc  not  met,  additional  burst  fi  Her  measurements  will  I"  com, ined  with  the  trackin'1  filter 
until  the  criteria  arc  satisfied.  '.Mien  data  is  transferred  to  the  Kalman  filter,  the  trackin''  fi  1  tcr’s.cstimatcs 
are  reinitialized  and  the  process  repeats  (as  well  as  the  reader). 

Ihe  propana 1 1  on  prediction  routine  provides  the  predfeted  phase  measurement  to  the  Kalman  filter.  This  predicted 
phase  measurement  is  based  on  the  best  estimate  of  present  position,  date,  ti"P  of  day  and  station  location.  Th; 
propanation  prediction  routine  is  a  real-time  mathematical  rodel  based  on  wnrl  performed  bv  the  '.’aval  electronics 
Laboratory  Center  and  the  llorthrop  electronics  Division  (reference  4).  The  model  accounts  for  diurnal  effect,  oround 
cnnductivf ty,  earth’s  ma'inetic  field  and  latitude  effects.  Ihe  predicted  Phase  velocity  Is  calculated  to  include 
pronanation  effects  by  determinin'!  where  the  aircraft  Is  located  with  respect  to  the  transmission  stations,  where 
the  sun  Is  located  with  respect  to  the  nroat  circle  paths  between  the  aircraft  am!  stations,  the  conductivity  of  earth 
surfaces  under  the  ereat  circle  paths,  the  path  anolc  of  intersection  to  the  earth’s  mannetic  field  and  the  latitude 
of  too  nroat  circle  path  between  the  aircraft  and  the  transmission  stations. 


I 


The  Kalman  filter  receives  inputs  of  the  single  phase  cst1,  ate  and  confidence  value  from  the  individual  trading 
filters,  and  the  predicted  phase  and  phase  variance  from  the  picganatton  prediction  routine.  The  slnnlc  phase  cstl- 
•  mate  from  the  tracking  filter  and  the  predicted  phase  value  qer'-rated  from  the  propagation  prediction  routine  as  a 
function  of  aircraft  position  are  differenced  to  pcncrato  the  ''••easurement  system  error,"  the  Kalman  residual  Is 
formed  t>v  the  difference  between  the  "measurement  system  error"  and  the  Kalman  estimate  of  system  error.  This 
residual  and  the  weiohtinq  matrix  are  used  by  the  Kalman  filter  to  update  its  estimate  of  position  and  velocity  error, 
oscillator  drift  and  start  time,  and  errors  In  the  diurnal  model.  In  addition,  the  estimate  of  system  “noodness 
the  covariance  matrix,  is  updated  to  reflect  the  inclusion  of  the  new  measurement.  The  Kalman  filter  also  predicts 
in  the  time-update  routine  how  the  system  errors  will  prnw  as  a  function  of  time,  and  also  how  the  variance  of  the 
System  deteriorates  with  time.  The  estimate  of  variance  is  then  used  to  determine  the  optimum  wclqhtlnq  for  subse¬ 
quent  measurements. 

MAlifTE.'IAdCE  PHILOSOPHY 

World-wide  deployment  of  P-3C  aircraft  with  limited  shop  level  maintenance  support  increases  the  need  for  systen 
maintenance  to  be  performed  on  the  aircraft.  Central  computer  controlled  system  testlnn  has  decreased  shoo  level 
maintenance.  1  This  maintenance  philosophy  was  employed  in  the  deslnn  of  the  OMEGA  equipment.  The  specified  mainten¬ 
ance  requirement  for  the  OMEGA  equipment  is  to  detect  and  localize  at  least  95S  of  all  failures  and  to  perform  all 
corrective  maintenance  actions  on  the  aircraft  in  less  than  30  minutes  (maximum)  for  at  least  90S  of  the  failures. 

Computer  controlled  equipment  testing  consists  of  two  levels  -  System  GO/IIO-GO  (SYGMOO)  and  dlannostlc.  SYGHOO 
tests  performed  by  ihc  computer  are  primarily  a  fault  detection  test  to  determine  systen  readiness.  The  SYGflOG  soft¬ 
ware  propram  Is  used  as  a  preflinht  and  postfliqht  chock  of  equipment  status.  If  a  fault  is  detected  in  a  weapon 
system  functional  area  the  dlannostlc  pronram  for  this  equipment  is  initiated  by  the  onerator.  The  dlannostlc  program 
is  desinned  to  isolate  equipment  failure  to  a  llnht  replaceable  assembly  (LRA)  easily  removed  and  replaced.  The  LRA's 
of  the  'TILGA  receiver-converter  consists  of  seven  functional  modules.  The  self  test  routine  of  the  OMEGA  software 
module  fonts  the  basis  of  both  SYG.'I(H>  and  dlannostlc  programs  for  OMEGA.  The  dlaenostic  program  Includes  adil'tlmai 
programing  to  indicate  either  a  specific  LRA  to  he  replaced  or  the  test  points  to  he  checked  to  dctcmlnr  the  faulty 
LRA.  The  self  test  routine  includes  coherence  status  check,  rf  test  of  each  receiver  section,  phase  annle  In  dlqllat 
test  for  each  of  the  three  frequencies  and  a  phase  counter  test.  These  tests  are  Initiated  by  the  central  computer 
which  also  processes  the  data  to  be  compared  with  established  acceptance  criteria. 

,  v, 

Software  and  hardware  testlnq  with  the  engineering  prototype  OMEGA  receiver-converter  has  disclosed  the  desirable 
as  well  as  deficient  maintenance  features  of  the  equipment.  The  production  equipment  specification  nuards  aqainst  a 
recurrence  of  these  deficiencies  and  amplifies  the  desirable  maintenance  features.  Changes  In  cquipnent  deslnn  such 
as  easier  removal  of  functional  modules,  addition  of  test  points  to  increase  in  situ  aircraft  diannostic  capability, 
and  revised  packaqinp  for  better  access  will  be  incorporated  into  the  production  equinment. 

FLIGHT  TEST  UESCR1PTIQII 


The  flioht  testino  was  performed  on  the  U.S.  Navy  AllfCC  (Atlantic  Undersea  Test  and  Evaluation  Center)  rnnne  with 
the  purpose  of  collcctino  OMEGA  navigation  data  for  analysis  and  evaluation.  OMEGA  phase  data  was  also  collected  and 
will  be  utilized  with  the  OMEGA  replay  pronram  described  later.  The  OMCGA  navioation  data  utilized  in  the  analysis 
was  collected  on  three  separate  days:  10,  19  and  20  February  1971.  Fllrht  profile  ncoretrv  fnr  these  riavs  ranoed  . 

I  from  straioht  and  level  flioht  with  constant  velocity,  to  a  fioure  cinht,  a  race  track  anil  a  box.  The  latter  three 

geometries  represent  typical  flinht  maneuvers  encountered  during  anti-submarine  warfare  missions. 

The  OMEGA  navioation  data  was  recorded  on  magnetic  tapes  while  the  aircraft  was  tracked  by  the  ground  radar 
range.  Aircraft  events  were  synchronized  with  the  range  by  an  on  board  time  code  eenerator  which  was  keyed  bv  a  coded 
signal  transmitted  by  the  ranee.  Each  event  recorded  on  the  aircraft  was  tanoed  with  time  suenlicd  bv  the  tine  cede 
generator.  As  information  was  beinn  recorded  from  all  the  rate  aiding  velocity  sources  and  the  burst  filter,  the 
OMEGA  program  was  exercised  to  run  with  different  stations  and  rate  alriinn  sources.  The  OMEGA  navinatien  data  recorded 
during  the  flight  testino  included  feur,  three  and  two  station  solutions,  with  inertial  and  air  mass  velocities  as  rate 
aiding  sources.  The  OMEGA  rronram  was  also  run  with  no  rate  aiding  source.  Problems  with  the  doppler  radar  hardware 
and  software  pronram  did  not  nermit  the  OMEGA  pronram  to  run  with  doppler  velocity  as  a  rate  aidino  source.  Anomalies 
observed  in  the  data  have  been  successfully  identified  with  propagation  anomalies  known  to  affect  O'lEGA  position 
accuracy.  All  other  largo  errors  have  been  correlated  with  equinment  problems,  software  pronram  failures  or  low  slnnal 
Strennth  received  from  one  or  more  of  the  stations. 

LABORATORY  REPLAY  PROGRA!  1 


In  erdor  to  derive  optimum  use  cf  the  OlirGA  navinatien  data  collected  on  the  AllTEf  ranne  a  laboratory  replay 
pronram  vis  developed.  The  OMEGA  flioht  test  program  In  the  aircraft  records  the  measured  phase  (for  each  station) 
from  the  burst  filter,  velocities  from  the  rate  aiding  sources  and  ZULU  time.  The  OMEGA  Replay  pronram  (flnnrc  A) 
was  designed  to  operate  with  any  combination  of  OMEGA  stations  and  velocity  sources.  The  computer  replay  pronram 
aircraft  rosltion  Is  compared  with  the  AUTCC  recorded  position  to  determine  the  OMEGA  position  accuracy. 

Analysis  uttlizino  the  roplav  program  is  particularly  interested  in  determinin'’  for  each  velocity  source  and 
mmOer  o<  stations  available,  when  the  MMIGA  position  error  has  stahill/rd  and  the  rxnecleii  error  at  slab!  1 1  tv.  Mils 
Is  an  Inrgrtant  cons  1  deration  If  the  OMEGA  position  is  to  periodically  hound  the  errors  of  the  geographic  navigation 
systrm. 

•  i 

A  T  i — i  tot)  amount  of  data  lias  been  obtained  for  the  laboratory  replay  pronram.  ruturr  analysis  will  cover  such 
questions  as  the  time  for  the  OMEGA  program  to  reach  stability  as  a  function  of  the  rate  aiding  source  and  the  number 
stations,  and  the  accuracy  at  stability  for  each  case. 

SOfT’dARC  'i  UtATlOM 

A  la'mriitory  software  simulation  technique  has  been  developed  to  facilitate  debugging  of  the  ranv  *a  *•'>!' <at  I  cat 
filters  !•>  the  OMCGA  pronram  (figure  9).  The  GMCGA  program  nav  be  exercised  over  the  entire  dynamic  ran-r  of  the 
parameters  without  flinht  testing  each  parameter  individually.  The  simulation  pronram  utilizes  a  navigation  mathc- 
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•  uiMjiiiMi  pusiciuii,  ana  4  I  annum  (jdussian  deviate  routine 


In  operating  the  software  simulator  a  dead  reckoned  post’  ton  tr&i  the  navigation  node?  and  the  tine  of  day  arc 
entered  Into  the  simulation  propagation  prediction  routine  which  generate";  a  phase  and  phase  variance.  The  next  two 
routines  In  the  simulation  process  allow  for  adding  a  random  and/or  bias  error  to  OMCflA  ohasc  and  navigation  velocity. 
The  phase  and  phase  variance  are  inputted  Into  the  gausslan  deviate  routine  and  a  random  nhase  error  Is  derived  from  a 
normal  distribution  havino  a  mean  and  variance  equal  to  the  calculated  phase  and  variance.  This  random  phase  error  Is 
added  to  the  mean  of  the  phase  and  Inputted  to  the  phase  bias  routine.  The  phase  bins  routine  adds  a  phase  bias  error 
which  simulates  the  oscillator  drift  of  the  OMEGA  receiver  hardware.  The  naussian  deviate  routine  also  accepts  air¬ 
craft  velocity  and  a  constant  variance  based  on  the  velocity  source  selected  from  the  navigation  model  and  adds  a 
random  velocity  error.  This  velocity  is  then  inputted  to  the  bias  velocity  routine  which  adds  a  bias  error  to  the 
velocity.  These  simulated  values  represent  either  inertial  velocity,  dopnler  velocity,  air  mass  or  no  velocity  source. 


Having  completed  the  simulation  process  these  orrored  values  of  phase  and  rhaso  variance,  and  velocity  are 
inputted  Into  the  OIIEOA  program  tracking  filter  as  an  estimate  of  the  phase  measurement.  The  random  and  bias  errored 
velocity  is  also  inputted  into  the  OMEGA  velocity  processing  routine.  Simulated  true  heading  from  the  navigation  model 
is  inputted  to  both  the  tracking  filter  and  OMEGA  velocity  processing  routines. 


The  random  number  nenerator  used  was  obtained  from  the  IGM  3f>0  scientific  subroutine  paclare ,  Version  III,  and 
adapted  for  a  30  hit  word.  The  input  values  required  for  the  subroutine  are  the  mean,  the  standard  deviation  and 
the  numbers  1,  2,  3,  A,  5,  6,  and  7.  The  bias  generator  adds  a  constant  to  both  phase  and  velocity  when  desired. 
Phase  bias  is  obtained  by  the  following  equation; 


d"-  **  (1-0,.  AO 

o 

where  d*  is  the  phase  derived  from  the  random  number  generator.  Velocity  bias  is  obtained  from  a  similar  cn»atlon: 

V"  -  V’  (l  -  t (At) 

where  the  bias  for  each  velocity  source  is  2/3  nautical  miles/hour  drift  for  inertial  and  donplcr  velocities, 

2  nautical  nilcs/hour  drift  for  air  mass  velocity  and  no  rate  aiding.  p 

Representative  runs  which  compare  a  simulated  run  with  fllnht  data  are  shown  in  finure  6  (inertial-three  station- 
constant  velocity  and  beading).  Good  correlation  and  similar  trends  can  be  seen  from  the  simulated  and  actual  flight 
error  plots. 

VIALYSiS 

The  analysis  of  system  capability  was  performed  by  using  the  data  obtained  from  the  AllTEC  flinht  tests.  Samples  ,, 
of  OMEGA  derived  positions  and  rate  aiding  velocities  were  extracted  on  to  the  aircraft’s  magnetic  tape  every  20 
seconds.  Sample  data  for  the  analysis  was  selected  when  the  Kalman  filter  and  the  time  varying  error  function  of 
position  and  velocity  had  stabilized.  It  was  assumed,  because  of  the  Kalman  filter,  that  each  successive  sample  of 
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position  niul  velocity  is  correlated  with  previous  samnles.  A  "run"  is  defined  as  a  sinnlr  passane  of  the  aircraft  past 
the  ,'iUTLC  trackin']  ranoe.  lacli  run  represents  a  given  \indc  of  operation"  corresponding  to  tlie  number  of  received 
stations  and  the  preselected  rate  aiding  source.  A  run  with  a  given  mode  is  usually  10  ni mites  in  duration  and  will 
contain  approximately  <0  samples.  The  sample  data  contained  at  least  one  run  for  each  node  of  operation.  If  multiple 
runs  were  made  for  any  one  mode,  each  run  was  considered  to  be  statistically  independent.  If  only  a  single  run  existed 
for  a  given  node,  the  run  was  separated  l>y  deletin')  specified  time  segments  which  sennented  the  data  in  such  a  manner 
as  to  assure  the  statistical  independence  of  the  soinents. 

evaluation  of  the  sample  mean,  the  variance  of  Urn  sample  mean,  and  the  variance  of  the  time  varying  function  was 
performed  uihloi]  the  followin'"  assumntions  •-  the  error  functions  are  stationary,  an  l  are  trundle.  The  first  assump¬ 
tion  Is  consistent  with  the  condition  in  which  sample  data  Is  only  accented  for  analysis  after  the  Kalman  filter  has 
reached  stability.  The  latter  assumption  states  that  the  mean  of  the  ensembles  Is  eguivalent  to  the  mean  of  the  time 
varvino  function)  and  similarly  for  the  mean  souarc  value.  I.’ith  these  assumptions  accepted,  the  mean,  variance  about 
the  mean,  and  variance  of  the  tine  varying  function  can  be  calculated  (reference  4).  The  analysis  utilizes  a  given  set 
of  runs  with  the  same  conditions:  c.n.,  three  stations  received,  inertial  velocity  as  the  rate  aiding  source,  and  a 
sample  of  the  time  varying  function  (figure  C)  every  twenty  seconds.  A  matrix  was  created  by  stacking  each  of  the  runs, 
anj  the  ensemble  was  defined  by  tlie  column  of  random  variables  (each  error  amplitude),  where  each  sample  in  the 
ensemble  was  independent.  The  mean  of  the  ensembles  “n"  is  then  defined  as 


.■  -5  (C|  +c2  ♦  •••  +  cn> 

and  the  mean  of  each  ensemble  r,  is  comouted  from  the  following: 
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mere  J.  is  the  error  M"  in  the  ith  coIiimii  ktli  row. 

1  lie  variance  of  Ihc  tiia>  varying  function  aj  is  computed  from  the  following 

oj  m  0ff(O)  -  m*  '  . 

wliere  the  autocorrelation  function  p^(0)  is  connoted  from  Independent  samnles  and  Is 

tf“<0>  "  iJ  £  <ak>2 

k-l 

For  “n"  columns  there  arc  "n'  values  of  dff-(0)  and  the  simple  averane  is  computed. 

The  variance  about  the  mean  o*  ,  which  will  determine  if  a  bias  exists  in  anv  of  the  random  variables,  is 
computed  from  the  following:  , 

(n-l) 


,2  .  £  (0f{  (kl)  . 


k— (n-l) 

ii!i"rc  L  Is  Ihc  time  difference  between  simples  and  I;  «  (ith  column  -  Ith  column),  and  there  are  "n"  columns  to  evaluate. 
In  each  column  there  are  values.  Consider  the  crosscorrelation  of  column  1  and  column  2.  This  relationship  is 
i'\  1  Ilia  led  l.y  K 


aff(t)  -  Ci  C2  *■  n  ^2  *k 


k-l 

There  are  2(n-l)  values  of.jiff(L)  to  evaluate  and  averane.  This  is  accomnlislie!  for  all  values  of  0f,(t:L)  in  order  to 
evaluate  the  variance  about  the  mean.  rt 

'•s  expected  for  jarnc  sauries,  multiple  runs,  the  standard  deviation  about  the  mean  is  less  than  the  standard 
deviation  about  the  time  vary! no  function  f(t).  If  independent  successive  s.wrlcs  wore  assumed  the  variance  about  the 
: lean  is 

'■4 


or  the  normalized  variance  about  the  mean  would  be  proportional  to  the  reciprocal  of  the  mimhpr  of  rows. 
Ihc  lean  and  variances  are  now  computed  for  the  following  <rrnr  •lejs'irewpiils: 

Lit  I  tilde  i  rror  (ft) 


A L  -  (L*  Aircraft  -  l'  AUTEC) 


where  .1  is  the  mean  radius  of  the  eartli 
Lnnoitude  trror  (ft) 


At  -  (l*  Aircraft  -  X*  AUTEC)  COS  l  AUTEC 

180 


Tic  radial  error  (ft)  l 

RADIAL  ERROR  •  (flL*  ♦  Al?)l/Z 

Ihc  transformation  from  the  '•MCA A  coordinate  system  to  the  pcooraoliical  coordinate  swste-i  Is  perfor-ed  to  derive 
the  lortli  and  cast  velocities,  V,  and  V.  are 

..  i 

N  -  (nj  COS  0  4-  nj  ST H  8) 


V, 


VK  -  (-HJ  SIN  8  ♦  «-  COS  8)  R  COS  t  AUTEC 
OfltGA  coordinate  system  and  0 
The  velocity  errors  north  and  the  velocity  error  east  V^.  are 

The  radial  velocity  error 


where  a,  and  a,  are  the  velocities  in  the  OfltGA  coordinate  system  and  e  Is  the  wander  azimuth  anqlc. 
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’  VN  •  V  AOTEC 


avE  -  V£  -  V£1  AlTItC 
4Vr  -  (6VnJ  +  4Ve2),/2 

Errors  in  position  and  velocity  are  also  resolved  In  the  coordinate  axis  defined  along  and  across  the  heading  of  the 
aircraft.  The  alonq  track  error 

AA.T.-  41  SIN  H  +  4L  COS  II 


The  cross  track  error 


AC.T.-  41  cos  H  -  At  SIN  H 


where  H  is  the  aircraft  track  angle  defined  by  the  trackinq  ranqe.  The  error  in  velocity  alonq  track 

AV(A.T.)-  4  VE  SIN  H  +  4  VN  COS  H 

The  error  in  velocity  across  track 

AVfC.T.)-  4  VE  COS  H  -  4  VN  SIN  H 

The  OMEGA  error  measurements  will  be  evaluated  uslnn  the  described  statistics. 

Iln  attempt  Is  made  at  this  time  to  determine  the  correlation  between  axes  in  the  peonranhic  coordinate  system  or 
in  the  aircraft  coordinate  system,  one  would  expect  a  hinh  deqree  of  correlation  due  to  a  rho-rho  position  solution 
(reference  5). 

OHCGA  SYSTEM  ACCURACY 

The  data  recorded  durino  the  three  davs  on  the  AUTEC  ranee  was  mostly  straight  and  level  runs  with  Inertial  (Id:) 
air  mass  and  no  rate  aiding  (li.R.A.)  as  velocity  source  and  with  the  number  of  stations  used  varvinr  from  two  to  four. 
Not  all  combinations  were  exercised  but  isolated  cases  of  changing  geometry  and  acceleration  are  analyzed.  Results  of 
the  analysis  are  presented  below. 

TABLE  I 

POSITION  ERROR  -  GEOGRAPHIC  COORDINATE  SYSTEM 


INS 

4  STATIONS 

INS 

3  STATIONS 

AIR  MASS 

3  STATIONS 

AIR  MASS 

2  STATIONS 

N.  R.  A. 

4  STATIONS 

MLAN 

HI 

0  f 

MEAN 

L°m 

0  f 

MEAN 

i°» 

0  f 

— 

MIAN 

0  f 

MEAN 

i0* 

n  r 

LATITUDE 

ERROR  (FT) 

2340.0 

1901 .5 
*1962.9 

2337.9 

646.3 

♦  498 .  4 

— 

4159.0 

EZZSi 

4621.6 

4541.0 

♦2817.1 

6243.7 

LONGITUDE 

ERROR  (FT) 

■ 

6045. « 

3442.0 
♦2610. S 

3340.1 

4565.7 

M628.3 

3336.5 

-3483.9 

♦2674.8 

8S17.2 

12397.4 

RADIAL 

ERROR  (FT) 

2609.5 

2688.9 

5794*4 
♦  597. 1 

4015.3 

8390.1 

♦948.4 

6167.8 

12091.1 

TI10  position  errors  In  the  nroeraph I c  r.onrdlnalo  system  fur  all  stralnht  and  level  runs  are  listed  In  table  I.  the 
Standard  deviation  for  the  lonqltuillnal  error,  resolved  by  the  Hawaii  station.  Is  consistently  lamer  than  the  standard 
deviation  for  the  latitude  error,  /be  degradation  of  accuracy  In  Ihp  lonnl ludlnn)  axis  Is  caused  by  the  lew  Dumber  of 
measurements  from  the  Hawaii  station  relative  to  all  other  stations.  In  general,  accuracy  Increases  as  the  duality  of 
the  velocity  source  improves  and  as  the  number  of  stations  used  Increases.  Ret  ter  accuracy  would  have  br<*n  obtain,: ; 
for  the  MS- four  station  node,  but  a  liieh  drift  In  the  Inertial  system  used  deuraded  the  accuracy.  The*  number  of  runs 
utilized  in  analyzlnq  each  node  Is  given  In  table  11.  The  velocity  errors  in  the  noo"ranliic  coordinate  fVstrm  arc 
tabulated  in  table  III.  A  smaller  velocity  error  can  be  observed  with  increasino  number  of  stations,  due  to  redundant 
ncasurc'ent  In  the  rho-rho  solution.  Errors  in  the  aircraft  coordinate  system  are  tabulated  in  table  IV.  .The  accuracy 
•gain  improves  as  the  quality  of  the  velocity  source  and  the  number  of  stations  increase.  I| 

To  determine  if  accuracy  is  affected  hv  aircraft  heading,  runs  that  have  the  sane  head inn  are  grouped  ami  analyzed 
in  table  ' .  for  the  INS-thrcc  Station  mode  a  sienificant  rvan  position  error  in  latitude  can  bo  observed  when  the 
aircraft  is  hoadino  in  a  southern  direction.  Tills  is  a  south  position  bias.  When  the  aircraft  's  heading  north  the 
bias  is  reflected  with  a  neoativc  mean.  Although  not  as  obvious  because  of  larger  errors,  a  similar  trend  can  be  seen 

ton 

r 


TABU  II 


NllMHI.lt  DATA  POINTS  -  S  THAI  (till  AND  U  VI  I. 


) 


TABI.I:  1 1 1 

VELOCITY  ERROR  -.CEOCRAI'llli:  COORDINATE  SYSIIM 


INS 

4  STATIONS 

INS 

3  STATIONS 

AIR  MASS 

3  STATIONS 

AIR  MASS 

2  STATIONS 

— 

N.  R.  A. 

4  STATIONS 

H| 

m 

EH 

H 

MIAN 

*  °m 

"  ( 

Ml  AN 

!  °m 

n 

ElllS 

n 

UriTIIDE  VELOCITY 

Ml  Roll  (KNOTS) 

-MSI 
♦  1 .  833 

3.146 

- 1 . 901 
0.347 

.3,879 

-o.sni 

•2.461 

3.SHII 

mm 

4.7BB 

17.931 

07.682 

63.369 

LONOITUDI  VELOCITY 
ERROR  (KNOTS) 

-7.450 

♦0.695 

1.825 

0.540 
♦  5 . 5 

5.707 

-B.'.ISB 
>2 .47!) 

2.926 

3 . 776 
•  7 . 4  4  H 

9.0RD 

-  0.347 
•  17.  HR 

SS.293 

RADIAL  VELOCITY 
rRROK  (KNOTS) 

3.18-1 

*0.085 

1  .7S6 

6.850 
♦1.4 94 

!.U7 

9.817 
♦1 .889 

2.317 

5.566 

IpfllB 

. 

S3. 383 

TABLE  IV 

POSITION  AND  VELOCITY  U1ROR  -  AIRCRAFT  COORDINATE  SYSTEM 


INS 

4  STATIONS 

INS 

3  STATIONS 

AIR  MASS 

3  STATIONS 

AIK  MASS 

2  STATIONS 

N.  R.  A. 

4  STATIONS 

M'  AN 

0  f 

Ml  AN 

♦  o 

_  IT) 

n 

■MM 

mm 

1 

Ml  AN 
*  :» 

n 

m 

MI  AN 

2  “  v: 

B 

ALONO  TRACK  POSITION 
ERROR  (IT) 

-748.8 
♦  188.4 

780.6 

- 1821.9 
♦  son.  4 

1135.9  ' 

-973.5 

*880.5 

4883.3 

-1S68.3 
♦  563.6 

1809.0  i 

-1514,7  1 
♦2897.9 

6388.9 

ACROSS  TRACK  POSITION 
IKKOR  (IT)  j 

2271.5 

♦6147.8 

6415.3 

-1793.4 
M  3. 4 

•1959.4 

4508.8 

♦1454.6 

2138.8 

-3259.2 

0806.2 

9603.9 

17024 .5 
♦6388 . 9 

I278S.1 

MONO  TRACK  VELOCITY 
ERROR  (KNOTS) 

1.236 

•2.144 

3.266 

5.155 

•0.889 

1.995 

2.637 

♦2.149 

3 .052 

1.281 

•0.591 

3.693  . 

21.257 

•29.842 

i 

62 . 300 

ACI’OSS  TRACK  VELOCITY 
ERROR  (KNOTS) 

-7.404 
•  11.077 

1.744 

3 

Ehh 

2.824 

>8.584 
♦  2 . 660 

3.4S3 

BHfifl 

D 

) 

-4.947 

•19.776 

5.103 

199 


RUNS 

NUMBER  or 

DATA  POINTS 

TOTAL  TIME 
fMINUirS) 

INS  -  EOIIR  STATIONS 

2 

94 

28.2 

INS  -  nmi:l:  STATIONS 

7 

378 

1 13. 4 

AIR  MASS  -  THREE  STATIONS 

i 

40 

12.0 

All!  MASS  -  TNl)  STATIONS 

2 

94 

28.2 

N.R.A.  -  ThO  STATIONS 

1 

58 

17.4 

POSITION  AND  VELOCITY  ERROR  -  t.l  OOP  '  *  II  1C  COORD  I  NA  II.  KYS1IM 


(NORiii-smrni  runs) 


INS  3  STATIONS 
NORTH 

INS  3  STATIONS 

SO!  mi 

A.M.-  2  STATIONS 

NOR  III 

A.M.-  2  STATIONS 
SOUTH 

MfAN 

m 

1 

m 

■ 

H 

MI.AN 

♦  a 

—  n 

m 

latitude 

ERROR  (FT) 

-659.5 
^8  79.  1 

1643.3 

2925.6 

MIR2.7 

1767.5 

-4627.0 

♦4369.4 

4490.4 

922.4 

♦3008.0 

3313.3 

IJONCI  MIDI 
l-RROR  .( FTI 

3971.2 
♦2900 . 1 

3473.7 

. 

3230.2 
♦  24  56 . 4 

3332.7 

-7200.1 

♦8O07.3 

*971 .4 

-  421.2 
♦6578.9 

7106.3 

RADI  Al. 
r.RROR  (IT) 

4788.5 
♦  22  U.  8 

2735,7 

6111.3 

♦19*5.1 

2664.4 

10276.4 

♦8178.5 

*764  .S 

7613.4 
♦  1 *6* . 2 

2131.3 

lATlTlinr  VELOCITY 
r.RROR  (KNOTS) 

mm 

ESS 

I.9S9 

•3.997 

♦0.492 

2.049 

0.S01 

♦3.157 

4.395 

1.042 

♦2.539 

4.852 

ionoitiipi:  VIllJOC ITV 
rRROR  (KNOTS) 

-7.721 

♦o.r.o7 

1.148 

m 

2.616 

-  2 . 830 
♦4,884 

5 . 30 

10.670 

0.294 

4.600 

RADIAL  VELOCITY 

F.RROR  (KNOTS) 

8.662 
♦0. 296 

0.911 

6.  125 
M.I19 

2.070 

-6.095 

♦3.347 

4 . 302 

11.780 

♦2.520 

4.588 

TAPl.r  VI 

position  and  velocity  error  -  rrnr.RAniK’  coordinate  system 


(DTirrmNT  fi.vcht  roNrroimATinNS) 


INS  3  STATIONS 
STRAIC.MT  F  1,101  IT 

INS  3  STATIONS 
Fir.iiRi:  oo 

INS  3  SIATIONS 
RArr.  TRACK 

INS  4  STATIONS 

Arcri.r.nAi  ion 

INS  4  STATIONS 

BOX  M.ir.llT 

ML  AN 

*  (1 
-  m 

n  T 

.  Mf  AN 
!  n  m 

IB 

Ml  AN 

ir’m 

n  f 

MT  AN 

*. "  m 

ll 

Ml  AN 

L”m 

« r 

i.ATiTunr 

TRR9R  (IT) 

1901.3 
♦  1960.9 

?3>7.9 

7S  .2 
♦986 . 9 

1595.0 

4112.5 

♦1229.3 

1432.1 

-1123.0 
♦  960.4 

1  17R.7 

542.7 
♦956. 2 

1469.9 

m.'.diTi'm 

FUROR  (FT) 

3442.0 

♦2612.5 

Bfl 

1655 .8 
♦806.5 

1460.8 

78°9.  p 
♦3386.  1 

3533.4 

mi 

1004 . 7 
M670.8 

1885.3 

RADIAL 

ERROR  (FT) 

501 y. 1 
*2057.7 

2688.9 

2510.7 
♦  518.5 

1059. | 

8535.3 
♦  3581  .6 

3710.9 

2665.7 
♦  min. : 

1 1 8  J  .  6 

2288.5 

•963.2 

m 

IAT1TDPI  VELOCITY 

ERROR  f KNOTS) 

-1.904 

♦3.347 

3.879 

-0. 329 
M  .458 

4.5R0 

0.  .364 
♦0.501 

6.144 

3.093 
♦1  .861 

3.212 

-2.W 

♦0.738 

■ 

LONCITIU  I  VI  LOCI TY 

ERROR  fM.OTS) 

0.540 

*5.560 

S  ,-‘'07 

1 . 304 
*2.793 

14.001 

m 

21.458 

4.224 

♦2.111 

2.72S 

1 .8.39 
-8.66.3 

13.692 

RADIAL  V!  I.OCITY 

ERR0P  O'ntS) 

6.850 

♦1.494 

2.147 

13. 358 
♦0.387 

6 . 35  3 

17.358 

♦6 . 60S 

18.458 

6.400 

♦0.822 

1.707 

12.506 

♦0.803 

6.739 

in  the  air  -3S3-twn  station  ■  ot!*1 .  It  is  interesting  In  note,  althnuoh  the  *  *  a  t  *1  ims  srnarfltf\\  I’nt  thn  St.mdir  1 
deviation  rf  tho  tv  o  va rvin-  function  ibotiL  the  ra r! i a T  error  is  consistent,  b’ir'-  r72.  .7  ft  In  the  northern  direction, 
ilCSAJ 1  ft  in  Vie  southern  direction  and  T.Qr?-.‘)  ft  for  nnn-hoa  ■|?r:r  correlate  '  ’aM. 

0 

.■ccuraci'^  In  t»o  'vnnra*'*  »ic  coordinate  sestet  for  different  r  1 1  ^  » t  c»v  fi- ur.it  i^ns  yiv  l.VvlaU-*  It-  ttl-lr  .'I.  for 
raclt  of  the  fli'  it  •“.'Vr  c tries  table  VII  lists  l!n*  *tr  '*nr  of  data  "oinls  - 1 -  -•  (o  >  (V  ’\t'.  I  a<  h  of  IV  sp  runs 

’MS  Str"i  :ntC'!  to  "ivo  statistical  1w  ir,^cne»u!rp|.  si,miv.mUs  fro:;  •  .iir  h  t;v-  7-vi  tore  a'*'  :.-!  I'**  man  an*'  Mm  varvlfe** 
function  i/ar.  0*1  c.iiated.  o  significant  le^rodatinn  in  position  is  ol»srrv?d  for  •ar1,  n'  I'r  ;*a*e'»vprinr  fli^nt  nt1^, 
T*i?ro  is  a  significant  increase  in  the  velocity  variances  .i:,rnt  each  .vis  for  all  Mm  'lyr*.  \  t  Lit  l'*.'  cvC^'llen  cr  the 
aircraft  acceleratin'*.  *'»ain,  significant  bias  errors  and  .iMltcf  variances  ale  it  th<'  ti  •  var^iiv  furctirns  irr 
observed  in  tu  longitudinal  axis,  and  arc  attribute!  to  npnr  signal  strength  rns^lviiv  that  ar is. 


•J,(le  oil  tin1  imhic  there  wire  only  lwt>  restarts  m  Urn  'VIIT.A  mon-an:  IlS-tUree  station  nod?  ml  air  «.iss-tl»rec 
station  iho  raillat  crinn  am  plotted  In  fl'ini'-  f>,  with  the  fltnlit  data  and  a  simulated  restart  of  the 

I. IS- throe  station  node.  Stahl li tv  for  the  flfnlit  data  occurs  at  approxiiwtely  three  minutes  for  holh  the  I  t. -three 
stalioi.  run  and  the  air  nass-three  station  run.  The  stability  for  the  simulate. I  laboratory  proeram  occurred  at 
apuroxi  lately  one  riinnle. 


TABLE  VII 

NIMBER  DATA  POINTS  -  DIFFERENT  FLIGHT  CONFIGURATIONS 


• 

RUNS 

NUMBER  OF 

DATA  TOINTS 

TOTAL  TIME 
(MINUTES) 

INS  -  IlIRKi;  STATIONS 

FIGIIKI  EIGHT 

1 

103 

30.9 

INS  -  TIIKI-.lt  STATIONS 

RACK  TRACK 

1 

54 

18.0 

INS  -  FOUR  STATIONS 
ACCELERATION 

1 

so 

14.7 

INS  -  FOUR  STATIONS 

BOX  FLIGHT 

1 

US 

41.4 

HI1WV 

I..  ;-.  ..avi-ation  s-stc..  has  I  eon  in  to  ".rate.  I  into  the  P-1C  IKlate  aircraft  as  a  nerirlic  rosltion  update  Tor  the 
-eivr.v  iic  navi  alien  5-<sti;:  .  Tie  "ICCA  s  -stc.:  tas  ,'ieeit  mechanized  to  rc 'nee  syslr  -  co  rlevily,  slt'"Hf“  hardware  and 
•ain  cn. iKinali  ty  in  the  S'- IT  navi' atinn  routines,  bv  utillzinn  a  receiver-convert ?r  an  I  central  co:  enter  seftuirc 
•iro  rair..  "hen  IIk;  . i'Il'VI  nrnorar:  is  deactivated  to  reduce  computer  loadin'- ,  the  trackin''  filters  of  the  ■  X  A  proorai 
r.-. bill,  active  to  reduce  the  lime  to  ulitaiu  a  valid  '•  II  '.A  position  fix  when  riMClivato1.  lhe  nrO'T.vi  provides  a  rontjn- 
iious  'i-iolav  or  eositlon,  has  the  caoabllltv  of  automatically  swilchinn  to  a  leoridfid  rate  al'linn  source  In  the  event 
.if  sensor  failure  and  has  loen  into-ratod  Into  the  P-3C  navloatlon  1-011111105  with  minimal  nrnoram  chances. 


rii-nt  test  of  the  Update  SIC  HA  svste  ■  has  shown  radial  fir  accuracies  for  straight  an  level  fllnlit  of 
..11'  f.  ,'t  ai;.l  :.CC$  feet  .me  si'.ma  (standard  deviatton)  for  four  an  I  three  stations  with  inertiil  rate  ai  line  velocity. 
In  the  Jiradcl  mode  of  air  .  ass  rate  aidin'*,  radial  fix  accuracies  for  strain'll  in.!  lev'-T  f  Unlit  are  J, 113  feet  and 
<  If. 7  feel  one  siewa  for  three  and  two  stations,  '.'ith  no  rate  ai  line  source  an!  four  stations  utilized  in  flxine,  a 
sl  m  -  rror  nf  lit,  HI  Vet  'MS  obtained.  The  standard  deviation  of  radiai  velocity  error  was  1.7 W.  loots  and 
^.117  Loots  tor  four  and  three  stations  with  inertial  velocity  as  a  rate  aii'ini  source,  and  2.3A7  Knots  and  j.'jU.  knots 
in  tne  'eiralod  mode  utiliziun  air  mass  as  a  rate  aidine  source  with  three  and  two  station  fixinn.  finally,  a  radial 
velocity  error  of  ')3.3h3  Knots,  one  siona  ■..•here  four  station  no  rate  aidin'!  mode  is  utilized,  mi.rcraft  maneuverin') 
loos  not  h-'-rad-  the  idfiA  position  fix  l.ut  a  solistautial  deoradatiou  in  vclocilv  has  heen  ohservci  . 


In  turn  work  with  tin;  laboratory  renlav  nrooraw  will  .Ictomine  the  li. to  reach  stability  and  the  accuracy  of  lie 
1  :i  da  .'us  i  tlini  fix  at  stability,  for  each  nf  the  rate  aidin'*  sources  and  r.iHcr  of  stations  utilized,  evaluation  of 
d.ir.lwam  ,n»:l  software  chan-ms  which  can  increase  .performance  and  accuracy  will  he  evaluated  l  v  usi'  "  the  lalmr.atury 
ronlay  and  simulation  pron'-ams. 
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